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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
NB-DMRS design for NB-PUSCH is still under discussion. Some agreements related to NB-DMRS design are listed as following (see [1]):
· One resource unit schedulable in PUSCH transmission for the data consists of fixed [X] msec at least for FDD
· X(115kHz) is 8 for 15 kHz case with single tone transmission
· X(13.75kHz) is 32 for 3.75 kHz case with single tone transmission
· In case of multiple tones is allocated for one UE, X{m} is smaller than X(115kHz)
· In case of 12 tones is allocated for one UE, X{12} is 1
· UL multi-tone transmission for the data with 12 tones is supported
· UL multi-tone transmission for the data also supports followings of numbers of multiple 
· {3} with 4 msec resource unit size
· {6} with 2 msec resource unit size
· When single-tone is allocated, Pi/4-QPSK and Pi/2-BPSK are supported
· FFS: How rotation is realized
· FFS: Phase rotation for RS(s)
· When multi-tone is allocated, QPSK is supported
· FFS: TPSK, 8-BPSK
This document provides some further details regarding the NB-DMRS for NB-PUSCH.
NB-DMRS density and time domain pattern
[bookmark: OLE_LINK16]In LTE, DMRS is used to acquire and track channel response for PUSCH. It is interesting to understand whether the same design can also apply in NB-IoT, and whether the DMRS density in LTE is sufficient for the support of the 164 dB MCL target for the 15 kHz subcarrier spacing option of NB-PUSCH.
Simulations were performed in RAN1#84 to investigate the link level performance of NB-PUSCH assuming different DMRS densities. The simulation assumptions are attached in Annex A, and the results are shown in Figure 1 of Annex B. It can be seen that by increasing the DMRS density from 1 symbol per slot (i.e. the same as in LTE) to 2 symbols per slot, the BLER performance is only improved by 0.5 dB for TU 1 Hz channel and 0.6 dB for TU 100 Hz channel. The gain cannot even compensate the loss due to the decrease of data symbol density from 6 to 5 per slot, i.e. 10*log10(5/6)=-0.8 dB. In fact, as shown in Table 2: the MCL target of 164 dB is comfortably met for NB-PUSCH by reusing the LTE DMRS density. Hence, LTE DMRS density should be adopted. 
It is proposed to reuse the LTE uplink DMRS pattern for the 15 kHz subcarrier spacing option of NB-PUSCH. For the 3.75 kHz subcarrier spacing option, it was agreed that there are 7 symbols in a 2ms NB-slot [2]. Similar pattern as LTE DMRS can be used for NB-DMRS, i.e. the third or the fifth symbol of every 7 symbols as NB-DMRS. The little difference from LTE DMRS is to avoid the possible collision between NB-DMRS and LTE SRS, see [2].


(a): Illustration of NB-DMRS pattern for 3.75 kHz NB-PUSCH transmission


(b): Illustration of NB-DMRS pattern for 15 kHz NB-PUSCH transmission
Figure 1: Illustration of DMRS for single tone NB-PUSCH transmission

Proposal 1: For NB-PUSCH with 15 kHz subcarrier spacing, the same DMRS pattern as in LTE uplink is reused (i.e. symbol #3 of every 7 symbols is allocated to uplink NB-DMRS).
Proposal 2: For NB-PUSCH with 3.75 kHz subcarrier spacing, symbol #2 or #4 of every 7 symbols is allocated to NB-DMRS.
Design of NB-DMRS sequence
Single tone transmission
It has been agreed that π/4-QPSK and π/2-BPSK are supported for single-tone NB-PUSCH transmission. Phase rotation is helpful to reduce PAPR and out-of-band emission for single-tone transmission. As proposed in companion paper [3], to obtain the benefits, phase rotation should be implemented in a contiguous way at symbol level including both data symbol and NB-DMRS symbol.
The modulation for NB-DMRS symbols (prior to phase rotation) can be either fixed at BPSK or the same as that for data symbols (prior to phase rotation). For simplicity, the same modulation as that for data symbols (prior to phase rotation) is preferred. 
Proposal 3: For single-tone transmission of NB-PUSCH, the modulation for NB-DMRS symbols, prior to phase rotation, is BPSK if the modulation for data is π/2 BPSK and QPSK if the modulation for data is π/4 QPSK.
A random sequence which is based on the 31-length Gold sequence in LTE can be used as the NB-DMRS sequence in time domain for single tone transmission. The randomization between different UEs from different cells can be guaranteed by initiating proper Cinit values for UEs from different cells. The NB-DMRS sequence for single tone transmission can be generated reusing the Gold sequence generator in LTE.
Proposal 4: For single-tone transmission of NB-PUSCH, the NB-DMRS sequence is generated using the Gold sequence generator defined in sub-clause 7.2 of TS 36.211.
Multi tone transmission
[bookmark: _Ref129681832]In LTE, computer generated DMRS sequence is used for 12 subcarriers allocation. As well as 12-tone transmission, NB-IoT introduces 3-tone and 6-tone transmission. The DMRS sequence should be designed for 3-tone and 6-tone in frequency domain.
One solution is reusing the DMRS sequence for 12 subcarriers for 3-tone and 6-tone uplink transmission. The LTE length-12 DMRS sequence are mapped over the entire 12 subcarriers regardless of the number of tones used for data transmission for multi-tone transmission. Only the allocated tones shall be transmitted by UEs.
Proposal 5: For multi-tone DMRS, the LTE length-12 DMRS sequence is mapped over the entire 12 subcarriers regardless of the number of tones used for data transmission, and only the allocated tones shall be transmitted by UEs.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
This document provides some further details regarding the NB-DMRS for NB-PUSCH.  Based on the discussion, the following are proposed.
Proposal 1: For NB-PUSCH with 15 kHz subcarrier spacing, the same DMRS pattern as in LTE uplink is reused (i.e. symbol #3 of every 7 symbols is allocated to uplink NB-DMRS).
Proposal 2: For NB-PUSCH with 3.75 kHz subcarrier spacing, symbol #2 or #4 of every 7 symbols is allocated to NB-DMRS.
Proposal 3: For single-tone transmission of NB-PUSCH, the modulation for NB-DMRS symbols, prior to phase rotation, is BPSK if the modulation for data is π/2 BPSK and QPSK if the modulation for data is π/4 QPSK.
Proposal 4: For single-tone transmission of NB-PUSCH, the NB-DMRS sequence is generated using the Gold sequence generator defined in sub-clause 7.2 of TS 36.211.
Proposal 5: For multi-tone DMRS, the LTE length-12 DMRS sequence is mapped over the entire 12 subcarriers regardless of the number of tones used for data transmission, and only the allocated tones shall be transmitted by UEs.
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Annex A [bookmark: _Ref438890703]Simulation assumptions

[bookmark: _Ref439779872]Table 1: Simulation assumptions
	Parameter
	Value

	System bandwidth
	180 kHz

	Carrier frequency
	900 MHz

	Antenna configuration
	1T2R

	Channel model
	TU 1Hz/100Hz

	Frequency error
	F_offset(t) = F_est_error + (F_drift_active * t) 

	Frequency error(F_est_error)
	Randomly chosen from the set {-50, 50} Hz

	Frequency drift rate (F_drift_active)
	22.5 Hz/second

	Timing error
	Uniformly distributed in [-2.6, 2.6] us

	HARQ
	Not enabled

	Performance target
	10% BLER

	Channel estimation
	Realistic cross-subframe channel estimation

	Subcarrier bandwidth (kHz)
	3.75, 15

	Number of subcarriers
	1

	Modulation
	QPSK

	Coding
	Turbo rate-1/3

	Repetition
	8 for 3.75 kHz subcarrier spacing, 32 for 15 kHz subcarrier spacing

	Packet Length (bits)
	800



Annex B [bookmark: _Ref439966182]BLER performance for different DMRS densities

[image: ]
[bookmark: _Ref439966166]Figure 1: BLER performance for different DMRS densities

Annex C [bookmark: _Ref439968858]BLER performance for QPSK
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[bookmark: _Ref439780151]Figure 2: BLER performance for QPSK

[bookmark: _Ref439966632]Table 2: MCL calculation for uplink data channel
	
	NB-PUSCH
single-tone(3.75kHz)
	NB-PUSCH
single-tone(15kHz)

	
	UL-SCH
	UL-SCH

	
	TU 1Hz
	TU 100Hz
	TU 1Hz
	TU 100Hz

	Transmitter
	
	
	
	

	(1) Total Tx power (dBm)
	23
	23
	23
	23

	Receiver
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	3750
	3750
	15000
	15000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5)) (dBm)
	-135.3
	-135.3
	-135.3
	-135.3

	(7) Required SINR (dB)
	-8.0
	-5.9
	-12.7
	-12.5

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-143.3
	-141.2
	-129.2
	-129.2

	(9) Rx processing gain (dB)
	0
	0
	0
	0

	Maximum coupling loss
	
	
	
	

	(10) MCL = (1) – (8) + (9) (dB)
	166.3
	164.2
	164.9
	164.7

	Data rate at the SAP to the SNDCP (kbps) 
	0.21
	0.21
	0.21
	0.21
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